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© Pacemaker having programmable configuration. 



© A pacemaker having a programmable configuration includes a plurality of solid state switches that are 
controlled by programmed data stored in memory (32). During a pacing mode of operation, a first reference 
electrode is switchably connected to the most positive battery potential, V D0 . During a sensing mode of 
operation, the first reference electrode is switchably connected to -0.5 volts. The return electrode of the 
pacemaker, can selectively be either the pacemaker case (18) or a ring electrode (20). During a fast discharge 
time period, which occurs immediately subsequent to the delivery of a pacing pulse, the return electrode is 
disconnected from V DD and connected to the proximal side (22) of a coupling capacitor through which the pacing 
pulse has passed. Also during this fast discharge time period, the most negative battery potential, Vss, is 
switchably connected to the proximal side of this coupling capacitor. When sensing, a first input of a sensing 
amplifier is switchably connected to either a tip electrode (16) or a ring electrode (20). A second input of the 
sensing amplifier (26) is switchably connected to a selected return electrode, which can be either the ring 
electrode (20) or the pacemaker case (18). Sensing can therefore occur between tip electrode (16) and ring 
electrode (20), tip electrode (16) and case (18), or ring electrode (20) and case (18). 
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PACEMAKER HAVING PROGRAMMABLE CONFIGURATION 



BACKGROUND OF THE INVENTION 

The present invention relates to implantable pacemakers capable of pacing and sensing in at least one 

5 chamber of the heart. More particularly, the present invention, relates to a programmable dual chamber t 
pacemaker wherein the basic configuration of the pacemaker, e.g., unipolar or bipolar, can be changed, 
including the grounding configuration and ground potentials used within the pacemaker 

Generally, a heart stimulator, commonly known as a "pacemaker" or "pacer." uses one or two flexible 
leads having one end connected to the pacer and the other end connected to electrodes placed in close 

w proximity to the heart. These leads are used to stimulate or pace the heart. Also, these leads are used to 
sense the heart activity by picking up electrical signals from the heart. 

In order to properly pace or sense, the pacer has to be able to deliver a stimulating pulse to the heart 
or sense an electrical signal from the heart, and this requires that there be an electrical return path. If, within 
a given heart chamber, a unipolar lead is used - containing a single conductor - the return path is the 

is conductive body tissue and fluids. The return path is connected to the pacer by connecting the pacer 
electrical common or ground to the pacer metal enclosure, typically referred to as the pacer "case." The 
case, in turn, makes contact with the body tissue and/or fluids. 

An alternative solution to using a unipolar lead in a given heart chamber is to use a double 
lead/electrode in the heart chamber, known as a bipolar lead. In a bipolar lead, a second conductor is 

20 spiraled over and insulated from a first conductor along the length of the lead. At the distal end of the lead, 
one of the conductors is connected to a first electrode, referred to as the "tip" electrode, and the second 
conductor is connected to a second electrode, referred to as a "ring" electrode. The ring electrode is 
generally situated 10 to 20 mm from the tip electrode. The tip electrode is typically placed in contact with 
heart tissue, while the ring electrode is in electrical contact with the biood. Because both body tissue and 

25 fluids are conductive, the ring electrode of a bipolar lead, in contact with the body fluids, serves as an 
electrical return for both pacing and sensing. 

As indicated, pacing or sensing using the pacer case or enclosure as part of the electrical return path is 
known as unipolar pacing or sensing. Pacing or sensing using the lead ring electrode and associated lead 
conductor as the electrical return path is known as bipolar pacing or sensing. 

30 There are numerous factors to consider when deciding whether unipolar or bipolar pacing and/or 
sensing should be used. Bipolar pacing has, in general, the advantage of requiring less energy than 
unipolar pacing. Further, bipolar sensing is less prone to crosstalk than is unipolar sensing. (Crosstalk, for 
purposes of this application, refers to a pacer mistakenly sensing a heart activity in one heart chamber 
immediately after the other chamber is paced.) Bipolar sensing reduces crosstalk resulting from unipolar or 

35 bipolar pacing in the opposite chamber. 

Unipolar pacing and sensing offers the advantage, in general, of simpler circuitry within the pacemaker 
and a smaller diameter lead. Further, some doctors prefer unipolar over bipolar pacing and/or sensing as a 
function of other implantation and heart conditions. Usually, the pacer has a factory-set configuration, but in 
the last five years some programmable configuration pacers have appeared. 

40 In addition to the conventional unipolar and bipolar sensing configurations, a new sensing configuration 
has the potential of reducing even more the likelihood of cross-talk. This new configuration utilizes unipolar 
pacing in both channels, and senses between the ring electrode and the case. See U.S. patent application 
S/N 662,723, filed 10/19/84. Not only is the crosstalk smaller with this new configuration, but one can readily 
determine capture just immediately after pacing (capture is defined as the heart contracting as a result of a 

45 pacer delivered stimulus). 

As the number of configuration options and their combinations increases, especially with respect to dual 
chamber pacers (those designed to pace and/or sense in both chambers of the heart), it is clear that pacing % 
and sensing programmabiiity is very important However, because a pacer is a low voltage, low power- 
consumption device, the implementation of the switching circuitry needed to realize the different pacing and 

so sensing configurations is very difficult To illustrate, in order to have a very low power-consumption device. '+ 
pacers use integrated circuits with CMOS digital circuits and MOS analog switches and amplifiers. Further, 
low voltage, power and polarity requirements dictate the use of a P-weil CMOS process. (A pacer is 
typically a positive ground system inasmuch as negative pacing pulses must be generated.) A difficulty with 
this CMOS process, and the resulting CMOS currents, is that no input output or any internal transistor 
drain or source can go above V D o or below V S s. where V DD is the positive supply voltage and V ss is the 
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negative supply voltage. (For a single battery configuration, Voo is thus usually obtained from the positive 
battery terminal, and Vss from the negative battery terminal.) Because the battery of a pacemaker is 
typically a single 2.8 volt (V) lithium cell, whose voltage may decrease over its life to as low as 2.0 V. this 
limitation makes it extremely difficult to design pacemaker circuits that will work properly in all output 

s (pacing) and sensing configurations. 

In a typical design, the pacer electrical common, or ground reference, is connected to the positive 
terminal of the battery. In turn, this ground reference is connected to the CMOS IC substrate. The negative 
terminal of the battery, which for a typical design is -2.8 V, thus provides the V ss supply voltage for the 
pacer circuits. As pacing magnitudes greater than 2.8 V are often required, a charge pump is used in 

w conjunction with a storage capacitor for each channel of the pacemaker in order to produce these higher 
magnitude voltages. Also such charge pumps, or equivalent, can be used to produce some other higher 
magnitude voltages needed for circuits which have node voltages of greater magnitude than -2.8 V. 

However, even though charge pump circuits can be used to produce needed voltages of greater 
magnitude than is available from the battery, a major problem still exists for nodes having voltages going 

is above V 0 d or ground. An example will illustrate how such voltages occur. A pacer delivers a stimulating 
current pulse by switchably connecting the electrode tip. through a coupling capacitor, to the negative 
terminal of a storage capacitor, the positive terminal of this capacitor being grounded. The voltage stored on 
this storage capacitor has previously been "pumped up" to the desired magnitude by a charge pump 
circuit A coupling capacitor is required to prevent DC current from flowing through the tip electrode-body 

20 interface. The return path for the pacing pulse is provided by grounding the case or ring electrode for 
unipolar or bipolar pacing, respectively. After delivering the pulse, the coupling capacitor remains charged 
with a positive charge on its tip electrode side (distal side). The pacer side of the coupling capacitor 
(proximal side) would likewise have a charge remaining thereon, but this charge is removed by connecting 
it through a discharging resistor (or switch) to ground. If, after pacing, it is desired to sense bipolarly 

25 between tip and ring, switching means must be used to connect the two inputs of a differential amplifier to 
the tip and ring electrodes. However, the tip potential remains above ground and the ring potential, situated 
in close proximity to the tip, has a potential somewhere between ground potential and the tip potential, but 
definitely above ground. As mentioned, no solid state switch of the type employed in pacer circuits (e.g., 
CMOS switch) can go above ground. Hence, a problem exists of how to switchably connect the positive 

30 (above ground) potentials of the tip and ring electrodes to the sense amplifier. One possible solution to this 
problem is to connect the sensing amplifier to the proximal (negative) side of the coupling capacitor, which 
proximal side will have a potential below ground due to the discharge current through the discharging 
resistor or switch. This approach has the drawback, however, of applying the capacitor's discharging voltage 
slope to the sensing amplifier. Further, the ring electrode would have to be connected through an 

35 additionnal coupling capacitor in order to eliminate its voltage potential above V D d (ground). Requiring an 
additional discrete component, such as a capacitor, is very undesirable. 

A further possible solution to this switching problem would be to have the system ground different from 
Voo. e.g., midway between V 00 and V S s. However, doing so would require a midway voltage source, to 
produce the midway ground potential, that is buffered by a low output impedance buffer to sustain the high 

40 current demands of pacing. Alternatively, the system ground could be connected to -2.8 V, the negative 
* battery potential. However, doing so would require at least one more stage to the charge pump in order to 
produce the negative voltages required for pacing. The addition of such additional circuitry is undesirable 
because it would increase the bulk and power consumption of the pacer, as well as decrease its reliability. 
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SUMMARY OF THE INVENTION 



The present invention solves the above and other problems by configuring or operating an otherwise 
conventional pacer by connecting the pacer case, or ground, to Voo. the positive battery potential, during 

so pacing (when the current demands are high) and by connecting the pacer case or ground to -0.5 volts 
during sensing (when the current demands are low). Further, in one embodiment, a fast discharge circuit is 
employed in order to rapidly discharge the proximal side of a coupling capacitor through which the pacing 
pulse is delivered to a tip electrode. This fast discharge circuit switchably connects the proximal side of the 
coupling capacitor to both: (1) the case terminal or ring terminal (unipolar or bipolar, respectively), and (2) 

55 the negative battery potential for a prescribed time period subsequent to the delivery of the pacing pulse. 
During this fast discharge time period, the pacer case is disconnected from the positive battery potential. In 
still a further embodiment, this fast discharge time period is followed by a slow discharge period wherein 
the proximal side of the coupling capacitor is connected to the case terminal or ring terminal (unipolar or 
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bipolar, respectively) through a discharge resistor. 

Advantageously, all of the switching and resulting connections used to achieve the above configurations 
are realized using low power solid state switching devices, such as CMOS devices, that are controlled by 
appropriate state and timing signals. These state and timing signals, for the most part, are the same signals 

5 that are generated and used in a conventional programmable pacemaker. Such signals are digital signals, 
and as such, can be readily stored in the memory circuits of the pacemaker, or easily generated from 
control signals stored in such memory circuits, and recalled or generated as needed. Further, such signals 
can be easily altered or changed, using known telemetry and programming techniques, in order to allow the 
configuration of the pacer to be set to a desired configuration. 

jo It is a feature of the present invention to provide a pacemaker that can pace and sense in either a 
unipolar or bipolar configuration. An additional feature of the unipolar sensing configuration allows the 
pacemaker to sense either from the tip-electrode to the case, as in a conventional unipolar pacemaker, or 
from a ring-electrode to the case. Such sensing is advantageously realized without the need of any 
additional coupling capacitors in the ring-electrode sensing circuit. 

75 Another feature of the present invention provides a pacemaker having a single battery that can pace 
and/or sense in unipolar or bipolar modes of operation despite positive potentials that appear at the tip or 
ring electrodes. Further, such pacing and/or sensing can occur in one or both chambers of the heart. 

A further feature of the present invention provides a pacemaker that can pace and/or sense in unipolar 
or bipolar modes of operation wherein the pacer ground is switched from the positive battery potential 

20 during pacing to a slightly more negative potential, e.g., from -0.2 to -1.0 volts, during sensing. A still further 
feature of such a pacemaker, in accordance with one embodiment thereof, provides a fast discharge phase 
while in the pacing mode of operation. During this fast discharge phase the proximal side of the coupling 
capacitor (through which the pacing pulse is delivered to the tip electrode) is switchably connected to both: 
(1) the case terminal (unipolar operation) or the ring terminal (bipolar operation), and (2) the negative battery 

25 potential for a short time period, thereby causing the coupling capacitor to rapidly discharge. This fast 
discharge phase may be followed by a slow discharge phase. During this slow discharge phase the 
proximal side of this coupling capacitor is switchably connected to either the case (unipolar) or ring (bipolar) 
terminals through a resistor. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other features and advantages of the present invention will be more apparent from the 
following more particular description thereof, presented in conjunction with the following drawings, wherein: 
35 Fig. 1 is a simplified schematic diagram of the packing and sensing circuits of the present invention; 

Fig. 2 is a timing diagram illustrating the operation of the pacing portion of the circuit of Fig. 1; 
Fig. 2A is an equivalent circuit diagram of the circuit of Fig. 1 during the fast discharge time period: 
Fig. 3 is a schematic diagram of the pacing or output portion of the present invention; 
1 Fig. 4 is a schematic diagram of the sensing portion of the present invention; and 
40 Fig. 5 is a table that defines the sensing configuration realized by the circuit of Fig. 4 as a function of 

the switches that are closed. 



45 DETAILED DESCRIPTION OF THE INVENTION 

The following description is of the best presently contemplated mode of carrying out the invention. This 
description is not to be taken in a limiting sense but is made for the purpose of describing the general 
principles of the invention. The scope of the invention should be determined with reference to the appended 
so claims. 

In the description that follows, when reference is made to the elements or parts of the invention shown 
in the drawings, like numerals will be used to refer to like parts throughout 

Referring first to Fig. 1, a simplified schematic diagram is shown of the pacing and sensing circuits of 
the present invention as used with one chamber of the heart. This figure will be used to teach the operating 
55 principles of the invention. A more detailed schematic diagram of the circuits of the invention can be found 
in Figs. 3 and 4. 

In Fig. 1. the basic pacing circuit includes a charge pump circuit 12 and a storage capacitor C1. The 
charge pump circuit 12 takes the available battery potential Vss from battery 14, and pumps it up to a 



4 



EP 0 308 536 A1 



desired level in a conventional manner. During this process, one side of the charge pump 12 and the 
positive side of capacitor C1 are connected to ground potential, or Vqo. The stimulation pulse of desired 
magnitude is then delivered to a tip electrode terminal 16 by closing switch P7. The tip electrode terminal 
16 is, in turn, connected to the tip electrode of a conventional pacing lead, not shown, thereby enabling the 

5 pacing pulse to be delivered to the heart. The return path for the stimulating pulse is provided either 
through the case terminal 18. for unipolar pacing, or the ring electrode terminal 20. for bipolar pacing. If 
unipolar pacing is selected, switch P1 is closed. If bipolar pacing is selected, switch P2 is closed. 

Regardless of whether unipolar or bipolar pacing is selected, the pacing pulse must be delivered to the 
tip electrode terminal 16 through coupling capacitor C2. Capacitor C2 is needed in order to block DC 

io currents from flowing from the storage capacitor C1 to the tip electrode terminal 16 and through the body 
tissue. It is noted that, as configured in Fig. 1 , the pulse that is generated by closing switches P7 and P1 or 
P2 is a negative pulse relative to the pacer ground potential, V 00 . Generating a negative stimulation pulse in 
this or equivalent fashion is a requirement dictated by the physiology of the body and heart of the patient 
using the pacemaker. Hence, the pacemaker, during the pacing mode of operation, must essentially operate 

is as a positive ground system if such a negative stimulation pulse is to be efficiently generated using a single 
battery 14. Further, because a negative stimulation or pacing pulse is generated, and because the body 
tissue on the distal side 22 of capacitor C2 is essentially at a zero potential, capacitor C2 is charged such 
that side 22 thereof retains a positive charge after the pacing pulse has passed therethrough. 

In order to remove any residual charges from the proximal side 24 of capacitor C2 before the delivery 

20 of the next pacing pulse, and thereby prevent any such charges from adversely affecting the magnitude of 
the pacing pulse that is delivered, switch P3 (unipolar operation) or switch P4 (bipolar operation) creates a 
discharge path from the proximal side 24 of capacitor C2 to either the case terminal 18 (unipolar operation) 
or ring terminal 20 (bipolar operation) for a short period of time termed the "fast discharge" period. This fast 
discharge period immediately follows the delivery of the pacing pulse to the tip electrode. During this fast 

25 discharge period, switch P8 further connects side 24 of capacitor C2 to the negative battery potential Vss- 
After the fast discharge period, in order to ensure that essentially all the charge is removed from side 24 of 
capacitor C2, a slow discharge path is provided through resistor R1 and switch P5 (unipolar operation) or 
switch P6 (bipolar operation). Hence, by the time the next pacing pulse needs to be generated, essentially 
all of the charge will have been removed from capacitor C2, thereby allowing a pacing pulse of known 

30 magnitude to be delivered to the tip electrode terminal 16. 

Still referring to Fig. 1, sensing is realized by selectively connecting the two inputs of a conventional 
sense amplifier 26 to desired combination pairs of the tip electrode terminal 16, the ring electrode terminal 
20, or the case electrode terminal 18. if conventional unipolar sensing is desired, the tip electrode 16 is 
connected to the positive terminal of sense amplifier 26 by closing switch P22; and the negative terminal of 

35 sense amplifier 26 is connected to the case terminal 18 by closing switch P25. If bipolar sensing is desired, 
the positive terminal of sense amplifier 26 is connected through switch P22 to the tip electrode 16, as with 
unipolar pacing, but the negative terminal of sense amplifier 26 is connected to the ring electrode through' 
switch P24. If the new sensing mode is desired, then the positive terminal of sense amplifier 26 is 
connected to the ring electrode 20 by closing switch P23, and the case electrode 18 is connected to the 

40 negative terminal of sense amplifier 26 through switch P25. It is noted that all switches remain open unless 
specifically closed, thereby preventing two signals from being applied to the same sense amplifier terminal 
at the same time. It is also noted that coupling capacitor C5 is inserted in series with switch P22. This 
coupling capacitor C5 prevents the DC voltage component of any positive voltages that may be present on 
the tip electrode 16 from adversely affecting the operation of switch P22 or the other CMOS circuits and 

46 devices employed. There is no similar coupling capacitor employed for the ring electrode. 

Most significantly, the sensing circuits shown in Rg. 1 Include switch P21 that connects a different 
reference potential, other than V DD , to the case or ground terminal 18 during the sensing operation. In the 
preferred embodiment, this different reference potential is -0.5 volts, and is generated by voltage reference 
generator circuit 28. Because the current demands during the sensing mode of operation are light, the 

so circuitry of the reference generator 28 can be very simple, such as a voltage divider network comprised of a 
resistor and a diode. Using this additional reference voltage as the ground reference during sensing in this 
fashion assures that any slight positive voltages that may be present on the tip or ring electrodes will not 
exceed the v 0D potential applied to the substrate of the solid state switches that are used. 

Fig. 2 depicts a simplified timing diagram illustrating the operation of the circuit of Rg. 1. Rg. 2 

ss assumes a unipolar mode of operation has been selected, beginning at the point indicated on the left of the 
figure. Rg. 2 also assumes that the selected amplitude of the pulse to be delivered is roughly three times 
the available battery voltage, or 3V S s. The logic signals P1\ P5\ P7, and P8 shown in Rg. 2 are used to 
respectively control the P-MOS switches P1, P5, P7 and P8 of Fig. 1. A low level signal turns the switch on 
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(closes the switch), while a high level signal turns the switch off (opens the switch). 

As can be seen from Fig. 2. the closure of switches P7 and P1 causes the voltage V1 , present on 
capacitor C1. to be applied across terminals 16 and 18. In turn, this causes a pacing current pulse to flow 
assuming that the tip electrode 16 and the case electrode 18 are in contact with conductive body tissue (or 
some other load). The waveform identified as "A" in Fig. 2 corresponds to the voltage waveform appearing 
at point "A" in Fig. 1, which point or node corresponds to the proximal side 24 of capacitor C2. This 
waveform "A" initially drops to voltage V1 when switch P7 is closed. As soon as P1 and 97 open, switch P3 
and switch P8 close to begin the fast discharge time. During this fast discharge time, switch P1 also opens, 
thereby disconnecting the case electrode 18 from V 0D - Hence, during this fast discharge time, most of the 
charge remaining on side 24 of capacitor 02 is discharged through switch P3. Hence, as shown in Fig. 2, at 
the conclusion of the pacing pulse (when P7 and P1 open and P3 and P8 close), the fast discharge time 
begins and the voltage waveform "A" rises to V^. After the fast discharge time has elapsed, a slow 
discharge time begins and the pacemaker must be ready to sense signals appearing at the tip and/or ring 
electrode. Hence, switch P21 closes, thereby connecting the case electrode 18 to -0.5V. and switch P5 also 
closes, thereby providing a slow discharge path through resistor R1 and switch P5. This additional slow 
discharge time ensures that essentially all remaining charge on capacitor C2 is removed before the next 
pacing pulse is generated. Hence, waveform "A* slowly rises to the -0.5V level during the slow discharge 
time. Before the next pacing pulse is generated, capacitor 02 has essentially discharged. 

Also shown in Rg. 2 is the voltage waveform appearing at the distal side 22 of coupling capacitor C2. 
This voltage is identified as waveform tt B. w Initially, this voltage is at -0.5 volts, the reference level that is 
applied to the case during sensing. During the pacing pulse, this voltage goes negative as it follows the 
negative voltage applied to the proximal side 24 of C2. After the pacing pulse, this voltage attempts to go 
positive, but by connecting the proximal side 22 of 02 to V ss at this time, this voltage does not go above 
V 00 its most positive point 29. waveform H B" advantageously remains below V 0D - During the remaining 
portion of the fast discharge time, waveform "B" approaches V ss . the voltage level applied to the other 
(proximal) side of capacitor 02. At the end of the fast discharge time, the sense period begins during which 
the case is connected to -0.5 V through P21. and during which time the proximal side of 02 is connected 
through resistor R1 and P5 to the case. Hence, the distal side of 02 also approaches this same voltage 



Further shown in Rg. 2 is the case voltage. As can be seen, and as explained previously, this case 
voltage is connected to V 00 (0 V) during the time the pacing pulse is delivered by the closure of switch P1. 
During the fast discharge time, switch P1 is opened and switches P3 and P8 are closed, disconnecting the 
case from V 0D and connecting the case to V^. However, because of the internal resistance associated with 
switches P3 and P8, the case voltage does not immediately go to Vgg, but rather approaches V^. After the 
fast discharge period, the slow discharge period or sense period begins, during which the case is 
connected to -.5 V through switch P21 . 

It is noted that during the fast discharge time period, the equivalent circuit for the pacemaker and lead 
is as shown in Rg. 2A. In Rg. 2A. resistance B n is the resistance of switch P3 when closed (approximately 
100 ohms); capacitance C e is the tip equivalent capacitance; resistance R* is the tip equivalent resistance; 
and resistance R«2 is the equivalent case, body return resistance. Typically, for a properly positioned tip 
electrode. R el plus R e2 will be equal to around 500 ohms. During fast discharge, the case terminal 18 is not 
directly connected to any pacer voltage source. Hence, case 18 assumes a voltage determined by the 
voltage on the distal side 22 of capacitor 02 and by the voltage divider comprising R,*, R e1 and R e2 - 
(unipolar operation) or R p4 (resistance of switch P4), R. 1( and R. 2 (bipolar operation). Mathematically, this 
case voltage can be expressed as 



At the end of the fast discharge period, it is thus seen that the case voltage will approach V ss (because 
the C2 voltage approaches zero). 

Referring next to Rg. 3. a more detailed schematic diagram of the pacing portion of the present 
invention is shown. Many of the elements or parts shown in Rg. 3 correspond to the same elements shown 
in Fig. 1. Hence, the same numerals or letters are used to identify such elements. 

The pacemaker of the present invention includes telemetry receiving and transmitting circuitry 30. Such 



level (-0.5 V). 
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circuitry may be of conventional design. It is used to provide two-way communication with the pacemaker 
once it is implanted in a patient. Such two-way communication not only allows the pacemaker parameters to 
be programmed after pacemaker implant, but also allows signals sensed by the implanted pacemaker, or 
the operating status of the pacemaker, to be telemetered out of the Implanted pacemaker to an external 
s receiver. 

Further included within the pacemaker is some sort of memory device or element 32. The memory 32 
allows the controlling parameters of the pacemaker to be stored so they can provide the needed control for 
the pacemaker as required. Further, the memory 32 provides a convenient means for realizing any altering 
or reprogramming of the pacemaker configuration or operating modes. All that needs be done to make a 

io programming change is to telemeter new controlling data to the appropriate address in the memory 32. 

For purposes of the present invention, the operating circuits of the pacemaker include timing control 
logic 34 and configuration control logic 36. The pacemaker timing control logic 34 generates the signals that 
control when a pulse is to be provided to the atrium and the ventricle, and when the fast discharge time Is 
to be present for the atrium and the ventricle. These signals are Identified as: Pulse Atrium (PA); Pulse 

is Ventricle (PV); Fast Discharge Atrium (FDA); and Fast Discharge Ventricle (FDV). The configuration control 
logic generates the signals that control whether the pacemaker is to operate in a bipolar or unipolar mode. 
These signals are identified as: Unipolar Atrium (UA); Unipolar Ventricle (UV); Bipolar Atrium (BP); and 
Bipolar Ventricle (BP). Further configuration control signals control whether unipolar operation during 
sensing is to be tip-to-case, ring-to-case, or bipolar. These signals are commonly identified as 

20 Tip/Ring/Case (T/R/C). 

The pacing circuit of Fig. 3 includes two channels, one for pacing the atrium and one for pacing the 
ventricle. Only one case electrode 18 is shown because the case is common to both channels. The 
discussion that follows is directed to the atrial channel, but applies equally well to the ventricular channel 
inasmuch as the circuits for both channels, for purposes of the present invention, function the same* 

25 The switches shown in Fig. 3 are realized with MOS switching devices, the gate terminal of which is 
controlled from logic gates. For example, switch P1 of Fig. 3 Is a switch which is normally open unless a 
low level signal appears at the output of logic gate Q1. As gate G1 is a two-input NAND gate having one 3 
input connected to the UA signal and the other connected to the PA signal, it is seen that switch P1 will 
close only in the presence of a UA and PA signal. Similarly, it is seen that gate G2 will close only in the 

30 presence of a BA and PA signal. 

One switch per channel in Fig. 3 is realized using both a P-well and N-weil MOS switch in parallel This 
switch is configured as a transmission gate and is identified as the P7/N1 switch (corresponding to the P7 
switch of Fig. 1 ). A low level logic signal applied to the P7 side closes the P7 switch, while a high level logic 
signal applied to the N1 side closes the N1 switch. Inverter gate 11 assures that complementary signals are 

35 always applied to both sides of this switch, thereby assuring that the switch is either fully on or fully off. A 
dual switch is employed in this one position because the voltage on mode VA can be programmed to 
different values. For example, if the programmed value of VA is -0.5 V, a P-MOS transistor switch will work 
properly. However, if VA is close to - Vss, an N-MOS transistor switch is required (which N-MOS transistor 
is turned on by a positive gate voltage, rather than the negative gate voltage used to turn on a P-MOS 

40 transistor). Hence, the P7/N1 switch configuration assures that this switch will close regardless of the 
programmed value of VA. 

The operation of the pacing circuit of Fig. 3 parallels the operation described above of the circuit of Fig. 
1, as explained using the timing diagram of Fig. 2. It is noted that during the fast discharge time period, 
capacitor C2 is connected to the negative battery potential V ss . After the fast discharge period, resistor R1, 

45 connected through P5 or P6 (depending upon whether unpolar or bipolar pacing is selected) continues to 
discharge capacitor C2 at a lower rate. 

As indicated, the ventricle channel circuits, comprising the circuits in the lower half of the schematic 
diagram of Fig. 3, function the same as the atrial channel circuits described above. It should be understood 
by those skilled In the art that the control signals UA, PA. FDA, UV, PV, and FDV are generated through 

so appropriate level shifting circuits, and that inverter gates 11 through 16 and logic gates G1 through G8 have 
their positive supply terminals connected to V 00 , and their negative supply terminals connected to an 
appropriate supply voltage that is equal or lower than the negative peak of the delivered pulse. This 
negative voltage can be taken from the same charge pump circuits used to generate the V1 voltage for the 
pacing puise, from the storage capacitors CI or C3, or from any other negative source. This separate 

ss supply voltage for these particular gates is required to maintain the switches ON while their respective drain 
or source terminals go below the negative battery voltage, V^. Also, a larger (in absolute value) gate 
voltage applied to all of the P switches advantageously allows a reduction In the overall physical dimensions 
of the devices while maintaining the same ON resistance. 
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Referring next to Fig. 4 it is seen that there are two channel sensing amplifiers or circuits 26 and 38. 
Amplifier 26 senses and amplifies the millivolt-level signals generated in the atrium during each heart 
contraction. Similarly, amplifier 38 senses and amplifies the millivolt-level signals generated in the ventricle. 
Eight switching PMOS transistors, P22-P29, are controlled by sensing configuration stored data as set forth 
in Fig. 5. As indicated in Figs. 4 and 5, each channel can be programmed to sense unipolarly using the tip 
and case, unipolarly using the ring and case, or bipolarly using the tip and ring. It is noted that during the 
delivery of a pacing pulse, or during the fast discharge time period, of any channel, switches P22-P29 are 
switched OFF (open or very high impedance) to avoid saturating the sensing circuits 26 and 38. If no pulse 
is delivered, and if no fast discharge occurs, gate G9 controls switch P21 to turn it ON (closed or low 
resistance), connecting the case during sensing to -0.5 volts. This action allows some polarization as high 
as +0.5 volts on the ring electrodes without switches P23. P24, P27. or P28 going above Voo. It is noted 
that while -0.5 volts is the preferred voltage for connecting the case or ground during sensing, it is only 
representative of one of a range of voltages that could be so used. For example, any voltage lying within 
the range of -0.2 to -2.0 volts could be used for this same purpose. 

Still referring to Fig. 4. it is noted that two coupling capacitors. C5 and C6. prevent applying the 
voltages remaining on capacitors C2 and C4, after fast discharge, to P22 or P29. As noted in Fig. 2. 
waveform "A," it is possible that some voltage will remain on capacitors C2 or C4 at this time (after fast 
discharge), and this voltage could be misinterpreted by the sensing circuits 26 and 38 as cardiac activity. 
Accordingly, capacitors C5 and C6 are used to present such misinterpretation from occurring. To further 
ensure that any charge on capacitors C5 and C6 is removed, a short auto zero pulse of approximately 1 00 
microseconds is used to discharge capacitors C5 and C6 through switches P30 and P31. respectively, just 
after the end of the fast discharge period. As seen in Fig. 4. switches P30 and P31 connect the proximal 
side of capacitors C5 and C6 to the case or ground terminal 18, which in turn is connected through switch 
P21 to -0.5 volts. This sensing configuration prevents any switch voltage from going above V^. During 
sensing, most of the switch voltages remain around -0.5 volts. 

As is further shown in Fig. 4. one-pole switches S1 and S2 may also optionally be used to connect the 
input of an EGG amplifier 40 to the signals that are sensed through the tip and ring electrodes. Such signals 
comprise the intercardiac ECG signals that can then be processed and telemetered to an external receiver. 

While the invention herein disclosed has been described by means of specific embodiments and 
applications thereof, numerous modifications and variations could be made thereto by those skilled in the 
art without departing from the spirit and scope of the present invention. It is to be understood therefore that 
within the scope of the appended claims, the invention may be practiced otherwise than as specifically 
described herein. 



Claims 

1. In a pacemaker having a voltage source (12), a means for configuring said pacemaker comprising: 
first switch means (P7) for connecting said voltage source to a first electrode (16); 

second switch means (P1) for connecting a ground potential of said voltage source to a case (18) of 
said pacemaker; 

third switch means (P2) for connecting the ground potential of said voltage source to a second 
electrode (20); and 

control means for generating control data that controls the operation of said first, second, and third 
switch means. 

2. The pacemaker of claim 1 wherein said first, second, and third switch means are operable in a first 
channel adapted to provide stimulation pulses to and a return path from a first chamber of a heart, and 
wherein said pacemaker further includes a second channel adapted to provide stimulation pulses to and a 
return path from a second chamber of the heart, said second channel comprising 

fourth switch means (P14/N2) for connecting said voltage source to a third electrode (VTIP); and 
fifth switch means (P9) for connecting the ground potential of said voltage source to a fourth electrode 
(VRINQ); 

said third and fourth electrodes being electrically isolated from said first and second electrodes, and 
said fourth and fifth switch means operating under control of the control data generated by said control 
means. 

3. The pacemaker of claim 1 further including: 

a coupling capacitor (C2) connected between said first electrode and said first switch means; and 

fast discharge means for disconnecting said case from the ground potential of said voltage source and 
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for discharging the side of said coupling capacitor connected to said first switch means to said case, and 
for further connecting this same side of said coupling capacitor to a first voltage potential in response to the 
control data stored in said storage means; 

said control data causing said first switch means and said fast discharge means to perform their 
5 respective connections in a timed sequence. 

4. The pacemaker of claim 3 further including slow discharge means for discharging through a resistor 
the side of said coupling capacitor connected to said first switch means to ground potential, said slow 
discharge means operating In response to the control data generated by said control means. 

5. The pacemaker of claim 3 further including 

w sensing means for sensing signals applied between first and second input terminals thereof; 

fourth switching means for connecting a selected one of said first and second eiectrodes to the first 
input terminal of said sensing means; 

fifth switching means for connecting a selected one of said second electrode and case to said second 
input terminal of said sensing means; and 
75 sixth switching means for connecting said case to a second voltage potential; 

said fourth, fifth, and sixth switching means operating under control of said control data generated by 
said control means. 

6. The pacemaker of claim 5 further including 

a second coupling capacitor inserted between said first electrode and the first input terminal of said 
20 sensing means; and 

seventh switching means for connecting the sensing means side of said second coupling capacitor to 
said case for a short prescribed time period following said first discharge means. 

7. The pacemaker of claim 6 wherein said short prescribed time period comprises 50 to 150 
microseconds. 

25 8. The pacemaker of claim 5 wherein said control means includes 

timing means for generating timed signals for use in generating said timed sequencer 
memory means for storing control data; 

programming means for selectively modifying the control data stored in said memory means and for 
further retrieving said control data from said memory means in a prescribed sequence, said prescribed 
30 sequence causing a desired pacemaker operation. 

9. In a pacemaker having sensing means for sensing electrical signals caused by the depolarization of 
muscle tissue, a means for configuring said pacemaker comprising: 

first switching means for selectively connecting a first input terminal of said sensing means to a tip 
electrode in response to a first and a second pacemaker mode of operation, and to a ring electrode in 
35 response to a third pacemaker mode of operation; 

second switching means for selectively connecting a second input terminal of said sensing means to 
said ring electrode In response to the first pacemaker mode of operation, and to a case of said pacemaker 
in response to the second and third pacemaker modes of operation; and 

third switching means for selectively connecting said pacemaker case to a non-zero voltage potential in 
40 response to said first, second, and third pacemaker modes of operation. 

10. The pacemaker of claim 9 wherein said non-zero voltage potential comprises a negative potential 
with respect to the pacemaker ground potential. 

11. The pacemaker of claim 10 wherein said negative potential comprises a potential having a value 
between -0.2 and -1 .0 volts. 

45 1 2. A pacemaker having pulse generator means for generating a pacing pulse from a charge stored on 
a charge capacitor, a first side of said charge capacitor being connected to ground potential; and control 
means for generating control signals to control the operation of said pacemaker; and said pacemaker 
including: 

first switch means for connecting a second side of said storage capacitor to a first tip electrode in 
so response to a first control signal from said control means, said first tip electrode being electrically 
connected to said first switch means through a pacing lead; whereby said pacing pulse is delivered to said 
first tip electrode; and 

second switch means for electrically connecting a reference terminal of said pacemaker to said ground 
potential in response to said first control signal, whereby said reference terminal provides an electrical 
55 return path for said pacing pulse in response to said first control signal. 
13. The pacemaker of claim 12 further including 

' a coupling capacitor having a first side connected to said first switch means and a second side 
connected to a proximal end of said pacing lead, said tip electrode being located at a distal end of said 
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pacing lead; and 

third switch means for electrically connecting the first side of said coupling capacitor to said reference 
terminal of said pacemaker in response to a second control signal from said control means, said second 
control signal being generated by said control means for a prescribed time period immediately subsequent 
to said first control signal, said second control signal further causing said second switch means to 
disconnect said referende terminal from said ground potential, whereby the first side of said coupling 
capacitor discharges to said reference terminal during said prescribed time period. 

14. The pacemaker of claim 12 further including 

fourth switch means for electrically connecting the first side of said coupling capacitor to a first voltage 
potential in response to said second control signal. 

15. The pacemaker of claim 13 wherein said reference terminal comprises the case of said pacemaker. 

16. The pacemaker of claim 13 wherein said reference terminal comprises a ring electrode of said 
pacemaker. 

17. The pacemaker of claim 13 further including 

sense amplifier means for sensing electrical signals present at said tip electrode; and 
fourth switch means for connecting the reference electrode of said pacemaker to a first reference 
potential in response to a third control signal from said control means, said control means generating said 
third control signal whenever said pacemaker operates in a sensing mode of operation. 

18. The pacemaker of claim 17 wherein said first reference potential comprises a potential that is no 
more than 1.0 volt in magnitude as measured with respect to said ground potential. 

19. The pacemaker of claim 18 wherein said first reference potential comprises a negative potential with 
respect to said ground potential. 

20. The pacemaker of claim 19 wherein said first reference potential comprises approximately *0.5 
volts. 

21. An improved implantable pacemaker having pacing means for generating a pacing pulse; sensing 
means for sensing cardiac electrical activity; battery means for providing operating power and voltage 
reference potentials; a case for housing said pacing, sensing, and battery means; and lead means 
connected to said pacemaker, for delivering said pacing pulse from said pacing means to an electrode tip 
of said lead means, and for delivering the cardiac electrical activity from said electrode tip to said sensing 
means; the improvement of which comprises; 

means for connecting a reference electrode of said pacemaker to a first voltage reference during a 
pacing mode of operation; and 

means for connecting the reference electrode of said pacemaker to a second voltage reference during 
a sensing mode of operation. 

22. The pacemaker of claim 21 wherein said first voltage reference comprises the most positive voltage 
reference available from said battery means, and said second voltage reference comprises a voltage 
reference that is 0.2 to 1 .0 volts less than said first voltage reference. 

23. The pacemaker of claim 21 further including 

a coupling capacitor that connects said pacing means to said lead means, 
fast discharge means for connecting said coupling capacitor to a third voltage reference for a fast 
discharge time period immediately following the delivery of said pacing pulse through said coupling 
capacitor, and 

means for connecting the pacemaker case to said reference electrode during the delivery of said 
pacing pulse, and for disconnecting the pacemaker case from said reference electrode during said fast 
discharge time period. 

24. The pacemaker of claim 23 wherein said third voltage reference comprises the most negative 
reference available from said battery means. 

25. The pacemaker of claim 23 wherein said pacemaker case is connected to said coupling capacitor 
during said fast discharge time period. 

26. A method of operating a pacemaker in contact with body tissue, said pacemaker including a voltage 
source and switching means for controilably connecting said voltage source through a first coupling 
capacitor to a tip electrode, said method comprising the steps of: 

(a) switchably connecting a first voltage potential of said voltage source to said first coupling 
capacitor for a first time period; 

(b) switchably connecting a second voltage potential of said voltage source to a return electrode 
during said first time period, whereby a pacing pulse having a duration equal to said first time period is 
delivered through said coupling capacitor and tip electrode to a desired body tissue location in contact with 
said tip electrode when said return electrode is conductively in contact with said body tissue; 
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(c) switchably connecting a first side of said coupling capacitor to a discharge potential for a second 
time period following said first time period, said first side comprising that side of said coupling capacitor in 
contact with said first voltage potential during said first time period; and 

(d) switchably disconnecting said return electrode from said second voltage potential during said 
5 second time period. 

27. The method of claim 26 further including the step of: 

(e) switchably connecting the first side of said coupling capacitor to said return electrode through a 
discharge resistor for a third time period following said second time period. 

10 

28. The method of claim 26 further including the step of switchably connecting the first side of said 
coupling capacitor to said return electrode during said second time period. 

29. The method of claim 26 wherein said return electrode that is switchably connected to said second 
voltage potential In step (b), and that is switchably disconnected from said second voltage potential in step 

75 (d)i comprises a case of said pacemaker. 

30. The method of claim 26 wherein said return electrode that is switchably connected to said second 
voltage potential in step (b), and that is switchably disconnected from said second voltage potential in step 
(d), comprises a ring electrode of a bipolar lead used with said pacemaker. 

31 . The method of claim 26 further including the initial step of selecting a return electrode, said return 
20 electrode being selected from a group of a plurality of possible return electrodes, said group including: 

(1) the case of said pacemaker, and 

(2) a ring electrode of a bipolar lead used with said pacemaker. 

32. The method of claim 31 wherein said pacemaker further includes memory means for storing data 
25 and solid state switch means for effectuating the selection of a return electrode, and wherein said initial step 

of selecting a return electrode includes: 

storing programming and control data in the memory means of said pacemaker; and 
controlling the solid state switches with said stored programming and control data 

33. The method of claim 32 wherein the solid state switch means of said pacemaker further effectuate 
30 the connection/disconnections set forth in steps (a) - (d), and wherein steps (a) - (d) are automatically 

executed in response to the programming and control data stored in said memory means. 

34. A method of operating a pacemaker in contact with body tissue, said pacemaker including a voltage 
source for providing reference potentials, pulsing means for generating and delivering a pacing pulse to the 
body tissue through a tip electrode of a pacing lead, and sensing means for sensing electrical signals 

35 appearing at a first input terminal of said sensing means as measured relative to a second input terminal of 
said sensing means, said method comprising the steps of: 

(a) switchably connecting one of a plurality of sense electrodes to the first terminal of said sensing 
means through a first coupling capacitor, 

(b) switchably connecting one of a plurality of return electrodes to the second terminal of said 
40 sensing means; and 

(c) switchably connecting the selected return electrode of step (b) to a first reference potential during 
a sensing mode of operation. 

35. The method of pacemaker operation of claim 34 wherein the plurality of sense electrodes from 
45 which one is connected to the first terminal of the sensing means in step (a) includes the tip electrode of 

the pacing lead, and a ring electrode of a bipolar pacing lead. 

36. The method of claim 34 wherein the plurality of return electrodes from which one is connected to 
the second terminal of the sensing means in step (b) includes a ring electrode of a bipolar pacing lead, and 
a case of the pacemaker. 

so 37. The method of claim 34 wherein the first reference potential to which the return electrode is 
connected during the sensing mode of operation comprises a reference potential within the range of -0.2 to 
-1.0 volts. 

38. The method of claim 34 wherein said pacemaker further includes memory means for storing data 
and solid state switch means for effectuating the connections of steps (a) - (c), and wherein said steps 
55 further include 

storing programming data in said memory means; and 

controlling the solid state switch means with said stored programming data. 
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39. A method of operating a pacemaker having pacing and sensing capabilities, said pacemaker having 
a reference terminal, said method comprising the steps of 

connecting the reference terminal to a first voltage potential during pacing; and 

connecting the reference terminal to a second voltage potential, different from said first voltage 
potential, during sensing. 

40. The method of claim 39 wherein said first voftage potential to which said reference terminal is 
connected during pacing comprises the most positive voltage reference available from a battery within said 
pacemaker. 

41 . The method of claim 40 wherein said second voltage potential to which said reference terminal is 
connected during sensing comprises a voltage reference that is 0.2 to 1.0 volts less than said first voltage 
potential. 

42. The method of claim 40 wherein said pacemaker further includes a coupling capacitor through 
which a pacing pulse is delivered during pacing, further including the step of connecting a proximal side of 
said coupling capacitor to a third voltage potential for a first time period subsequent to the delivery of said 
pacing pulse. 

43. The method of claim 42 wherein said third voltage potential comprises the most negative voltage 
potential available from the battery within said pacemaker. 

44. The method of claim 42 further including the step of connecting the proximal side of said coupling 
capacitor to said reference terminal during said first time period. 
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